Introduction
Juvenile myoclonic epilepsy (JME) is one of the most common idiopathic generalized epilepsies of adolescence and early adulthood, characterized by myoclonic jerks, generalized tonic-clonic seizures (GTCS), and absence seizures [1, 2] . The syndrome was first described by Janz in 1985 [3] . An international workshop on JME proposed two new sets of criteria in 2011 which will be helpful for both clinic and scientific purposes: ''Class I criteria encompass myoclonic jerks without loss of consciousness exclusively occurring on or after awakening and associated with typical generalized epileptiform EEG abnormalities, with an age of onset between 10 and 25 years. Class II criteria allow the inclusion of myoclonic jerks predominantly occurring after awakening, generalized epileptiform EEG abnormalities with or without concomitant myoclonic jerks, and a greater time window for age at onset (6-25 years)'' [4] . Despite the well defined diagnostic criteria, and increasing awareness of the disease, misdiagnosis in JME is still a problem. Unilateral myoclonic jerks and focal EEG discharges may lead to misdiagnosis of JME [5] .
Juvenile myoclonic epilepsy responds dramatically well to treatment. However relapse rate is high after cessation of antiepileptic drugs (AED) (91%) [6] [7] [8] [9] .
The aim of our study is to determine difficulties in JME diagnosis and to compare the results with our related study reported 17 years ago.
Methods
Two hundred patients between 12 and 55 years of age and under the medical follow-up of epilepsy outpatient clinics in Purpose: Juvenile myoclonic epilepsy (JME) is one of the most common and recognizable idiopathic generalized epilepsy with its characteristic clinical and EEG features. We think despite the well defined diagnostic criteria, and increasing awareness, misdiagnosis in JME may still be a problem. The present study aims to determine misdiagnosis in JME and to compare the results with our previous study reported in 1998. Methods: Two hundred JME patients examined at epilepsy outpatient clinics of Bakirkoy Prof. Dr. Mazhar Osman Training and Research Hospital for Psychiatric, Neurologic and Neurosurgical Diseases between the years 2014-2015 were enrolled. Medical records of all patients were evaluated retrospectively; demographical, clinical and electrophysiological data and causes of misdiagnosis were collected from chart reviews. Results: Of 200 JME patients, 49 were misdiagnosed at first medical evaluation. The most common presenting seizure types were generalized tonic clonic seizure and myoclonia in misdiagnosed patients and correctly diagnosed patients, respectively. EEG revealed generalized spike wave and polyspike-wave discharges in 52% of the misdiagnosed patients. Unfortunately the physician was a neurologist in 87.8% of cases with misdiagnoses. Nearly half of 49 misdiagnosed patients were prescribed an inappropriate antiepileptic drug, and the other half were prescribed none. Conclusions: Comparing our new results with the ones in 1998, misdiagnosis rate was less and time to put a correct diagnosis was shorter. However, proper diagnosis at first sight is still a problem among neurologists even the typical EEG changes are present. Continuous variables are expressed as the mean AE SD; categorical variables are presented as frequencies and percentages. The chisquare test was used to compare the differences in categorical variables between the groups. SPSS 17.0 statistical software was used for statistical analysis. A value of p < 0.05 was considered statistically significant.
Results
Of the 200 participants 57.5% (n = 115) were female. The mean age was 26.74 AE 8.46 (12-55 years). The mean age of seizure onset was 15.26 AE 4.1 (9-35 years).
First seizure types of patients were as follows: myoclonia in 54% (n = 108), GTCS in 42.5% (n = 85) and absence in 3.5% (n = 7). Seizure types recorded in follow up were solely myoclonia in 24.5% (n = 49), myoclonia and GTCS in 58.5% (n = 117), myoclonia and absence in 5% (n = 10), and myoclonia-absence-GTCS in 12% (n = 24) of all participants.
The most common factors of seizure precipitation were sleep deprivation in 36.5% (n = 73), stress in 34.5% (n = 69), fatigue in 28% (n = 56), emotional upset in 19.5% (n = 39), fasting in 13.5% (n = 27), photic stimulation in 13% (n = 26), excitement in 12.5% (n = 25), mental concentration in 11.5% (n = 23) and menstruation in 9.5% (n = 19) of patients.
Febrile convulsion was present in medical history of 11.5% (n = 23) of cases. In the family of 28% (n = 56) of the participants, there was at least one another patient with epilepsy. Neurological examination was found normal in all patients. The cranial MRI revealed cranio-vertebral junction abnormality (Chiari Type 1) in one patient. There was another patient with a focal demyelination. Apart from these, all of the MRI scans were normal in 198 patients.
First EEG revealed normal activity in 40.5% of patients (n = 81), generalized SW and PSW discharges in 34% of patients (n = 68), focal discharges in 18% of patients (n = 36) and both focal discharges and generalized SW and PSW discharges in 7.5% of patients (n = 15). Of all the focal discharges seen on EEGs, 70.5% (n = 36) were spikes from frontal areas and 29.5% (n = 15) were spikes from temporal areas ( Table 1) .
Hundred and fifty-one patients were diagnosed correctly at their first medical intervention. However, 49 patients were misdiagnosed. In 45 of 151 correctly diagnosed patients, the diagnoses were delayed due to late application to hospital and unawareness of first presenting seizure, when it was myoclonia. Of the 49 (24.5%) misdiagnosed patients the mean delay time until the correct diagnosis was 3.1 AE 4.1 (1-28) years.
Age of disease onset, parental consanguinity, presence of another epileptic family member, and febrile convulsion history were not significantly different in correctly diagnosed and misdiagnosed patient groups (p > 0.05). In the misdiagnosed group the first seizure that made the patients search for a medical care was a GTCS. However in the correctly diagnosed group most patients were applied to the hospital with myoclonia. This difference was significant (p < 0.01). Of the misdiagnosed patients, 28.6% (n = 14) had normal EEG, 10.2% (n = 5) had focal discharges, 53.1% (n = 26) had generalized SW and PSW discharges, 8.2% (n = 4) had both focal discharges and generalized SW and PSW discharges. The focal discharges seen on EEGs of misdiagnosed JME patients were spikes from frontal areas in 66.7% (n = 6) of cases and spikes from temporal areas in 33.3% (n = 3) of cases. Interestingly, generalized SW and PSW discharges were significantly more in patients misdiagnosed at their first medical contact and focal EEG discharges were significantly more in patients correctly diagnosed at their first medical contact (p = 0.01) ( Table 2) .
The physician who put the wrong diagnosis to 49 misdiagnosed patients in their first intervention, was a neurologist in 87.8% (n = 43), a general practitioner in 8.2% (n = 4), an internal medicine specialist in 2% and a psychiatrist in 2% of the cases. Of the 49 misdiagnosed patients, 22 had been prescribed AED, whereas 27 had been taken into follow up without any medication. The first seizure type and EEG results were not significantly different in between the patients that were prescribed with an AED and the ones that were not (p > 0.05). All the 43 patients misdiagnosed by a neurologist were referred to hospital with GTCS. However, after a detailed questionnaire, it was understood that their initial seizure types were GTCS in 76.7% (n = 33), myoclonia in 18.6% (n = 8), absence in 4.7% (n = 2) of patients.
Of the 43 JME patients who were misdiagnosed by a neurologist, 21 were followed up without any AED treatment with the diagnosis of first seizure in adulthood, 20 were prescribed carbamazepine, one was prescribed oxcarbazepine and one was prescribed phenytoin.
All 22 misdiagnosed JME patients taken under inappropriate AED treatment had referred to hospital with a GTCS. After a detailed questionnaire it had been understood that the initial seizure type was actually myoclonia in seven patients and absence in two patients. First EEGs revealed generalized SW/PSW discharges in 11 patients among these 22 misdiagnosed and inappropriately AED prescribed (Table 3 ).
Discussion
Correct diagnosis of an epileptic syndrome mostly relies on a detailed clinical history, supported by EEG features [11] [12] [13] . Even though JME is a well known and easily diagnosed syndrome with a detailed clinical history and EEG, incorrect and/or late diagnosis is still encountered [5] . Although JME is classically present with myoclonic jerks, GTCS, and absence seizures with typical interictal EEG feature of fast irregular generalized SW and PSW with normal background, asymmetrical myoclonia and focal EEG abnormalities may also be seen. These less expected findings may obscure the correct diagnosis [14, 15] .
In different studies, misdiagnosis in JME has been reported with a large ranged frequency, which is 5.3-91.4% and the mean delay time in definite diagnosis has been reported as 5.9-15 years [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . In our study reported in 1998, we had mentioned misdiagnosis in 52.6% of JME patients and the mean delay time in definite diagnosis as 5.9 years [19] . However, in present study misdiagnosis was lowered to 24.5% and the mean delay time in JME definite diagnosis was shortened to 3.1 years, suggesting accelerating awareness, knowledge and experience of the disease in Turkey, in 17 years. Despite this accelerating awareness, the present study reveals that still one quarter of JME patients still could not be diagnosed properly at their first visit although they were examined by a neurologist in most of the time.
In this study the most frequent causes contributing to misdiagnosis were the presenting first seizure type being a GTCS and inadequate questioning for myoclonia in patients' past medical history. Myoclonic jerks are usually missed without an adequate questioning because patients generally think these jerks as clumsiness so they neither mention nor apply to a hospital with a myoclonic jerk until it interferes with activities of daily living.
That is why myoclonia should be questioned, sometimes requestioned in detail and even imitated by physicians to make sure the patient understands what the physician is asking for. This point is especially important in our country since there are a lot of different regional words and brogue used for expression, some of which the physician may have not encountered.
In our study 21 out of 43 patients referred to neurologists were taken into medical follow up without any AED therapy, because these incidents were thought to be their first seizure in adulthood due to inaccurate questionnaire for myoclonia. The other 22 patients were prescribed inappropriate AEDs such as carbamazepine, oxcarbazepine and even phenytoin. The seizure type leading to hospital referral in all these 22 patients was a generalized tonic-clonic seizure. However data showed that seven out of 22 patients' initial seizure types were myoclonia and two out of 22 patients' were absence, all unmasked with a detailed questionnaire in their medical follow up. Although myoclonia were the initial seizure type in 10 out of 49 misdiagnosed patients, seven were prescribed inappropriate AEDs and three were left untreated due to inadequate questioning for myoclonia. All these data suggest that to diagnose JME correctly, one should, of course, be aware of the syndrome. In addition, each time when confronted a patient with GTCS, JME should come to mind and sufficient time should be spent for a detailed clinical questionnaire. Physician should be curious and persistent and re-question the patient during the follow up.
In different studies, focal and asymmetrical EEG findings were reported as factors contributing to mis and/or late diagnosis in JME patients [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Focal discharges were reported in 30-40% of JME patients for misdiagnosis leading to improper clinical approach in turn [14, 15] . Interestingly in our study EEG was usually normal or revealed focal discharges in correctly diagnosed patients whereas generalized SW/PSW discharges were more frequent in misdiagnosed patients. These data suggests that physicians who are aware of JME, know the syndrome well with both its clinical and EEG characteristics, including not only well-known generalized but also focal discharges. On the other hand, if the physician is unaware of the syndrome, even with its characteristic discharges on EEG, it is impossible to put to correct diagnosis.
Our results showed that nearly 75% of neurologists were aware of JME and started the right treatment initially. However, the remaining 25% was not aware of the syndrome, both its clinical and EEG findings.
Conclusion
Misdiagnosis rate decreased from 52.6% to 24.5% in 17 years when compared to our study published in 1998. Likewise, the mean delay time for definite diagnosis was shortened from 5.9 years to 3.1 years. The improvement in the correct diagnosis of JME might be the result of increasing awareness, knowledge and experience about JME. However, the present study revealed that still a quarter of neurologists were unaware of JME as a whole syndrome with its clinical and EEG characteristics.
